INTRODUCTION
The interest in muscle-bone interactions has grown in recent years and expanded from the original mechanical theories such as Wolff's Low and Frost's Utah Paradigm to theories of mechanosensation, cellular interactions through cytokines and hormones to shared genetic traits to name a few. As such, it is very timely for this journal to publish a special issue on this topic.
I feel honored to have been invited by the editorial board of Clinical Reviews in Bone and Mineral Metabolism to serve as a guest editor for this issue and deeply grateful to the authors who accepted my invitation to contribute.
In the included five articles the reader will find wellwritten summaries of historical aspects of Wolff's law and the mechanostat theory. Furthermore authors appraise the current knowledge in important areas pertaining to musclebone interactions such as muscle and bone imaging techniques, genetics, and biochemical pathways as well as strength and weakness of exercise interventions and development of osteoporosis and sarcopenia criteria. Lastly these articles offer thought provoking suggestions where this growing field might and should be heading.
After reading and reviewing these articles I have noticed two overarching themes:
a. There is a reason why we call it the ''musculoskeletal system''. On the one hand muscle and bone function as separate organ systems (e.g. glucose versus calcium metabolism/creating loads versus being loaded). There are outcomes that are more closely linked muscle (independence, mobility) or bone (fracture) and both organ systems have syndromes/diseases connected to them (sarcopenia, osteoporosis). However on the other hand more and more data highlight the multiple interactions, close links, common pathophysiological links between muscle and bone on genetic, cellular and biochemical and biomechanical levels. This also becomes evident in shared epidemiologic data, shared risk factors and shared treatment interventions. b. Things are more complicated then I (we) thought.
Muscle and bone are not only connected on a biomechanically they clearly communicate on a biochemical level as well. Furthermore, muscle and bone are not only hormonal target organs, there is increasing evidence that they act as secretory organs which produce cytokines and hormones. Next, although there are common genetic traits, pathophysiological and risk factors there likely are primary muscle disorders, primary bone disorders and mixed disorders. This might explain why certain interventions such as exercise or nutrition work well in some patients but not in others. Exercise remains an area which theoretically should be very beneficial for both muscle and bone, however real world efficacy remains below expected outcomes. This might not be only be due to problems with adherence and the choice of exercise intervention but there also appear differences between genders and the age at which the intervention is applied.
These two themes appear in all of the articles included in this issue: paracrine functions and that we are only beginning to understand. The authors argue persuasively that the role of the musculoskeletal system in obesity and diabetes is topic needing further study. 4. Dr. Demontiero and colleagues' manuscript continues the transition from the more basic and transitional science focus at the beginning of this special issues to the clinical side. Their work entitled ''Clinical Outcomes of Impaired Muscle and Bone Interactions'' focuses on the clinical aspects of sarco-osteoporosis as an example of ''impaired muscle bone interactions''. It gives an overview how sarcopenia and osteoporosis are connected to each other and why they should be evaluated together. The paper proposes ways of diagnosing sarcopenia and sarco-osteoporosis and outlines possibilities how muscle and bone diseases could be assessed clinically. It closes with a discussion of possible treatment options. 5. One of the most promising non-pharmacological interventions to treat muscle and bone diseases, namely exercise, is discussed in detail in the final manuscript ''The Influence of Muscular Action on Bone Strength via Exercise'' by Dr. Ireland and colleagues. This review focuses on the impact exercise has on bone. It highlights the important mechanical stimuli muscle force provides for bone modeling and remodeling and gives several examples that provide evidence for this theory. The authors then nicely review the impact of exercise on bone in children and adolescents and compare these effects to those in older adults. Further more it compares the effect of exercise on bone between genders. The manuscript discussed barriers to exercise and several important areas in which more research is needed including optimization of exercise modalities and intensity as well as personalizing exercise program to individuals.
In closing, I hope that you, the reader, find this special issue both worthwhile reading as an overview of important topics of muscle-bone interactions as well as useful as a resource for review and stimulation of new research ideas and new ways of approaching muscle and bone disorders clinically. The ultimate goal in my opinion should be that the increased knowledge and improved clinically care in the field of muscle and bone result in reduced fall and fracture risk as well as increased mobility, independence and thus better quality of life-outcomes that our aging population deeply cares about.
